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“We are . . . paying a very heavy price, in lho 
conlusion and @clay in technical innovations, 
Irom having undcrcstimated the dcofh 01 bio- 
logical knowledge that was necessary to SUP- 
port the promu/gnl/on of nuclear technology. New 
directions of policy and research may help to 
repair not only our administrative and technical 
lacerations buf anolher priceless goOU: pUb/iC 

. confidence that the quality of individual tile 
stands foremost as an aim of government.” 

Joshua Lcdcrberg, the recipient of the 1950 
Nobel prize in m.zdicinc. is professor of genetics 
and biology, allo’ choilman of the department ot 
gcnctics, Stanfotd Univcrsiiy. 

The nuclear powxx con t rovers:y comprises two 
sq)aratc issues rclatcd to biologtcal sitle effects: 
(a) The I~iorlcLt~itncnt InnctionY what is t.hc most 
crctliblc xicnli:‘ic littlqcment of the biomedical haz- 
ards c!ltailctl 12:; rnrlinlion cqmsiirr? (13) 1Vhal poli- 
tics can lx rationa!iy n~lvocatcri, taking accounl of 
social Imiclits as ~l.cll as of biomctlical tlctrimcnl? 

Ncvcrtlrclcss, t Ilc prol)lcm of rncliat ion hazard 
rcnmins as an urz:cLnt ~hnllrn~c to the rlcvclol~mcnt 
of a asiology of technical innovation. ‘I’ll0 record 
to clatc is no more firalifyin, n than it is in most other 
Iicltls of tcclinolo~ical asxwmcnt. .4 cost bcncfit 
analysis of nuclcnr !,o\ver must st.ill bc perfcctccl, 
altltough t:lc: chnllcngc is niutcd; md CfJlllJmaJh 

problems of cvaluntlon of tnetlicsl S-rays! urban 
retljstrjbufion in relation to aitiiutlc :>iId dusmic l3q’S 
ant1 choices anlong i)uil~!ing materink for construc- 
fjqn take ]ti;]tcr l)rioriiy -- !hC principal act Uni 
sources of radiation cxpos~tre in contemporary life, 
which ha1.c been given less axionomic attention than 
nuclcnr po\\‘cr. 

The prjncipal types of pathology thal, can reason- 
aljlv 1,~ al 11 ibulccl lo ratlint ioil cspowrc at: 1OW 
do&rates are cancer am! jicne mutaiion. In !act 
t.hc effects that. roultl plattsibly bc attrihted to 
&xc wtcs of tile order of the 11~7tllK~l 1~,7ckg:rOlilltl, 
100 m illirems i)tr year, arc t 09 small to bc ac- 
ccssjble to c~pcrjmcntal or persuasive cl?idcmiologi- 
Cal oI)scrvat ion. Sot-w thcoreticnl basis can IX ar- 
gucd in favor of t hc cspcctntion lhai a given <lOSC 
of r,?(liatiotl lvill, in general. hc more tlelcterious if 
tlcljvcrcd v;i(hin a short prriocl of time than if 
(list riblllc(l in cant in\tOus ntnbicncc. V;ll i lC IllOSt Jj3r- 

tics agrw IhaL tltc cvitlcncc for this iypc of lim i- 
tation of effect is too icnuous to be relied upon 
for po1ic.y j~.rrlgnWtIt., it. ~tn~loul~l cdly !)la.ys an im- 
porlant role in scl (in, (r the Icvrl of sl,c~ptlclxm will1 
whi& other rtllcgntions about the cliects Of rntlia- 
lion arc as.~imilatctl. Jt ~voulti bc less insidious LO 
st ipulntc fin cffic+ncg: rnctor or, sny, 10 p-~ CCI~ 

for 10~ ~OSC rate than to allow Ihis potential dd.:; 
factor to enter itncon~c~iou~l~~, as it must 0ltCtl do, 

jn tlw jutlgtncnts of sntnc of the lxotng~nisix. This 
facnr is, ho\vc\.er, cscluticd frotn the following cal- 
citla tions. 

~ofmatl antI Taml)lin, elsewhere in this series. 



Thk cstimnte is 011 a scale comparnt)Ic to that 

Of the consetJsua1 cancer luntl, and sLtl.)jr:ct to tlLc 

Saw2 kind of rnntn for dispute, perlL:\ps tenfolcl 

either way. 

Trc4ml4tti1rg Ilcctlth itrlo i~ollto.~ 

By any rational aJ-gunlent: the health Of any 

individual is a pJ’iccJcss good. This is IlOt to set 

its value at a tnntiicninttc~:il inlinily, 50 ntucli as 

t0 pOiIJt out that iL is iilcotJIJi~~JLsLrJ~~L~~l~ wit11 so- 

called .5trit:tl>. pccuni:try o~~aiu~tions. 11 clOll;Lr ii:- 

IJI’CS arc now to 1x2 nssoci;tlcd rvith IJcaltli \palucs, 

the pLtrl,osc is Oiiiy to ittdicate the I<itJtls oi cltoiccs 

that iIJtlivitlurils ;tiJcl the txjtly politic tia\,e in Iact 

Jntctlt. C)tlC! ptlt-JwSe Ok :l:iiOlogic:tl tlkcws~iOt1 is t0 

higltlight l)o~:sit~ic itlccj!l: ~:~I?iic*ic’s Wilhitl tl1c \.nlLlc 
fr:LIllc\\~cJrli tllrc*;ltly l)o.Yliti:ttctl. Our csi.-;titlg es- 

~YXtdit LW On llC:!lt il C’;IlC ~\m~Jlltlt. to 5C.JtJlC $sf) 

l~illiott ljc’~ >;tn~.. ‘l’his (‘iL11 only SC1 ;I 10\VI‘(. llollntl 

l0 the Inut~~ttl~ll \,:Ilttc Of lic~nltli. on Lhcl as3it1nl)licJti 
tllnt the, litxt doil;lr 5l~ciil ac~hic~\x3 ;I Ibcttcr rcturJJ 

llJ311 tllC I;lSl. 1 Ir~\\‘<~\c‘l’. 25 il ti:LlioIi. \Vf tsljrrictlcc 

a IlJll~i~~tl UJll~t%‘~l~)l~ Cl~‘Ic.t,lilk’ ((C’;ltlI> ljt’, j.[‘;lt’; iJUt 

it is unlikely that we cOLtId pcr.+xwle our nci~ilbors 
to tax thcmsclvcs to the extent of doubling our 

health care itJ\~r~!rncnt Tcjr 1~s than a 20 psr cent 

itn~jrovcnicnt in Ox $, rrcnernl hdth ~tat~dn~tls. ?‘hat 
r:iiio WtjLl!<l iiT!i’!J< ( 1) .‘I., , - ;;1tr;rai cd hc;!lt’ll “!~:llue” 

2 0: $; fff\) !jilji:>Jl year, t!!) at; j!l,T.,! :no,Jf n{ 

$4(!LJ:UU0 per tlci,~~~l,rc\cJlteli (assitnil~\riti~~ all ill- 

JGs< -tG mortalit!,); this f:Lr esoectls :r~cYst con- 

tcnilxjraq- in~~~.-;~IncIit:; it? l,ul)lic hraIl!i ;11i<1 snfcty, 

nntl (3) if IlJc tx~cligu~uttd \vOrxtJs hcnllh by 

0.2 l~cr cent, its hcallli-ilccrc~mcntal VRIUC is 

$SOO,OOO,OOO or $4 per cnpitn. This is cqLti\~alcnt 

to $40 prr mnn-rntl jti c0t1~cc~1u~n~~c 0i 1 hc pwniscs 

given. (If ~vc add in IlJc canrcr load, \vc reach 
$100, and if \vc. allocate the entire grOs5 national 

product. lo hc3ltl1, \f’c! will rcx% $X0.) 
‘l’liis tlfxs ItOt ~Jtc;Jti llinl 3 citizen ~voultl 1x1 gvl- 

ting a good bargain if he espos~s himwlf to 1 racl 
in exchange for n pa)-mrnt Of $160: the Ixilpin is 
JnCrCly bCttCJ’ tlJZU1 IlMWt Of thC OthCJ’S !h;lt jJC al- 

ready makes. i\lteJx7tivcly, he \voLtld lx! foolish 

to spend $1,000 to uvuici 1 racl of esposurc, hut 

only if this sacrifice tli.~trnctcxl him from taking 

o&r mcasitrcs wliicl~ could offer him a usoiuI re- 
turn. 

This cvalunlion Of the porceivecl cod of mlintion 
is, 1 bclic\~e, UJlJSiS;t~Jlt \vith th! cspectatir~:l of pa- 

tient benefit etivisnged by conxicntious physicians 
in t.lieir ~132 of tiiagnostic S-ray. 

?‘llese Ca~culaliOtlS ;trt: so c~‘ude that they are 

not sigtiilicnntl~~ dtcrcrl by incloriq in a mod- 
emtcly opt itnkitic \.due for Ihc iiicitlcnce uf ratlin- 
tion-irtclu~xd c.anccJ. lIob\.~Vi’r, if, as argued by 
Gofnian and l’atnl~liti, the J~ndiarion bncl~g~ountl in- 

duces 10 per CCIJL. Or sonw ZO:OOi), 0i our cancw 
deaths, this contrived calculus ~voultl mmge with 
a iigure of SGUU per mnn-wtl. l’his sis-fol(l inlla- 
tion of the 1orInf~1 li;:urc i.-: less jarring 10 nuclcnr 

energy policy ( 1 nii!lircIJI :cVclrafiC c~spo~111t: woultl 
imply a figurnlivc tax 0: t,lj cents per capita pcJ 

year) than it is tar any rtis~~nsablc pOJtioii of es- 

posurc from rttcclicnl S-lnys. 




